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INTRODUCTION
Prostaglandins and sex steroids are important regulators of the estrous cycle and early pregnancy in mammals [1] . It is generally accepted that prostaglandin F 2␣ (PGF) is secreted primarily from the luminal epithelium of the endometrium [2] and is luteolytic in ruminants [3] [4] [5] [6] . Secretion of PGF is mediated by oxytocin in vivo [7, 8] . Prior to luteolysis, PGF secretion is maintained by oxytocin of neurohypophyseal origin. At the time of luteolysis, oxytocin of luteal origin initiates an increase in endometrial PGF secretion, which then triggers the release of additional oxytocin from the corpus luteum by a positive feedback loop [9, 10] . Oxytocin induces cyclooxygenase-2 (COX-2) expression, which increases pulse amplitude of PGF production in the endometrium [11] . The ability of oxytocin to stimulate PGF release is higher at the time of luteolysis [12] , suggesting that a difference in receptivity to oxytocin exists during the estrous cycle. Prostaglandin F ablates progesterone synthesis by the corpus luteum [13] and initiates a new estrous cycle. The pulsatile secretion of PGF from endometria of estrous cycling cows is stimulated by oxytocin and is mediated through the inositol triphosphate-diacylglycerol second messenger system [14] . Furthermore, Burns et al. [15] suggested that phospholipase C (PLC) activity is high in endometrial caruncular explants treated with oxytocin. PLC activity has since been linked to the dependence of extracellular and intracellular calcium for oxytocin-induced PGF release [16] . Yet, the exact signal transduction pathway by which oxytocin mediates PGF secretion in the endometrium remains undetermined. This is not surprising considering that in other tissues, PGF secretion is elevated in response to ligands that activate protein kinase A, protein kinase C (PKC), nuclear factor kappa B (NFB), and the mitogen-activated protein kinase (MAPK) extracellular signal-regulated kinase (ERK)-1/2 [17] .
Pregnancy [18] , and more specifically interferon (IFN)-, attenuates the release of PGF in cows. This antiluteolytic action of IFN-rescues the corpus luteum and facilitates establishment of early pregnancy. Also, IFN-has been shown to alter the in vitro PGF:prostaglandin E 2 (PGE) ratio in favor of PGE [19] . In contrast to PGF, PGE has luteotrophic action in ruminants [20, 21] . Several in vitro studies using bovine endometrial cells have shown that IFN-suppresses COX-2 and prostaglandin F synthase [11, 22, 23] .
The total amount of PGF is not attenuated during early pregnancy in ewes [24] . IFN-appears to suppress estrogen receptor gene expression [25] , which is obligatory for gene expression of the oxytocin receptor [26] . Therefore, IFNexerts its inhibitory actions, at least in part, at the ''top'' of the signaling pathway that mediates PGF secretion, which might help explain how IFN-disrupts pulsatility rather than total amount of PGF release in the ewe. This situation may not hold for cattle. Using in situ hybridization, Robinson et al. [27] showed that although there is a slight decrease in oxytocin receptor mRNA in endometrium from Day 16 pregnant cows when compared with estrous cycling cows, estrogen receptor mRNA does not change.
Thus, pregnancy can alter oxytocin receptor mRNA expression exclusive of the estrogen receptor in cows. Unlike the promoter for the oxytocin receptor gene of the ewe, the bovine oxytocin receptor gene lacks a classical palindromic estrogen response element [28] . IFN-also may act independently from the oxytocin receptor. Following in vivo treatment of cows with recombinant bovine (rb) IFN-via intrauterine catheterization, cultured primary endometrial epithelial cells secreted less PGF, and the inhibition of PGF secretion was not associated with formation of oxytocin receptors based on radioligand binding assay [29] . Primary endometrial epithelial cells treated with phorbol ester and rbIFN-failed to secrete PGF, whereas cells treated with phorbol ester alone secreted PGF [14] . Furthermore, rb-IFN-suppressed gene expression of phospholipase A 2 (PLA 2 ) [30] , COX-2, PGF synthase [23] , and 9-keto-PGE reductase [31] in primary bovine endometrial cell culture. These enzymes are critical components of the PGF synthetic pathway [32] .
In this study, a bovine endometrial (BEND) cell line [30, 33] was used to study the effect of rbIFN-on the signal transduction pathway coordinating the secretion of PGF. To achieve this goal, the phorbol ester phorbol-12,13-dibutyrate (PDBu) was used to stimulate PGF secretion by activation of PKC as described previously [30] . In this way, the estrogen and oxytocin receptors could be circumvented to assess signal transduction events directly downstream from PKC. The first objective was to determine if the MAPK pathway mediated induction of these events by PDBu. The second objective was to establish how rapidly BEND cells expressed COX-2 and secreted PGF in response to PDBu. The third objective was to determine where in this pathway rbIFN-elicited its inhibitory actions. Because the bovine COX-2 gene contains several putative NFB response elements (GenBank accession number AF031699) and because COX-2 has been shown to be regulated by NFB [17] , the final objective was to determine if PDBu induced degradation of inhibitor of NF kappa light polypeptide gene enhancer in B-cells (IB) and if rbIFN-inhibited this ''activation'' of NFB.
MATERIALS AND METHODS

Materials
All antibodies, enzymes, and kits were used according to each manufacturer's specifications. Restriction endonucleases (New England Biolabs, Beverly, MA), T4 DNA ligase, anti-active MAPK antibody and polynucleotide kinase (Promega, Madison, WI), Random Primers DNA Labeling System and NM522 Escherichia coli (Gibco-BRL, Rockville, MD), nitrocellulose Western blotting membrane and nylon Northern blotting membrane (Micron Separations, Westborough, MA), anti-RAF-1 and anti-IB␣ antibodies and luminol reagent (Santa Cruz Biotechnology, Santa Cruz, CA), anti-COX-2 antibody (Cayman Chemical, Ann Arbor, MI), PDBu and PD98059 (Calbiochem, La Jolla, CA), and GeneAmp RNA PCR Kit and dRhodamine Terminator Cycle Sequencing Ready Kit (Perkin Elmer, Foster City, CA) were purchased from commercial sources. All other reagents and chemicals were obtained from Sigma Chemical Co. (St. Louis, MO) or Fisher Scientific (Pittsburgh, PA). Oligonucleotides were synthesized at the DNA core facility at the University of Missouri, Columbia.
BEND Cell Culture Conditions and Experimental Models
BEND cells (passages 6-9; American Type Culture Collection, Manassas, VA) were cultured in T-75 culture flasks or 60-mm culture dishes in Ham Nutrient mixture F-12 (HAMS)/minimal essential medium (MEM) containing 10% fetal calf serum and 10% horse serum as described previously [33] . Once cells reached 90% confluence, they were rinsed with serum-free HAMS/MEM medium and incubated for 24 h in serum-free conditions. Medium was again replaced with serum-free medium 3 h prior to treatment. Where applicable, BEND cells were pretreated with the MAPK (MEK-1) inhibitor PD98059 (50 M) [34] 30 min prior to the addition of the other treatments. When examining release of PGF and expression and phosphorylation of components of the MAPK and IB␣/NFB signaling pathways and the PGF synthetic pathway, BEND cells were cultured in 60-mm dishes. BEND cells were untreated or were treated with PDBu (100 ng/ml), PDBu ϩ rbIFN-(10.9 ϫ 10 Ϫ7 IU/mg; 500 ng/ml) or PDBu ϩ PD98059 (50 M) for 5, 10, 30, 60, 180, or 300 min under serum-free conditions. These experiments were completed three times using triplicate cultures. Data from individual experiments were analyzed and graphed as means Ϯ SEM. When examining early COX-2, c-jun, and c-fos mRNA expression using Northern blot analysis, BEND cells were cultured in T-75 flasks and were untreated or were treated with PDBu (100 ng/ml), rbIFN-(500 ng/ml), PDBu ϩ rbIFN-, or PDBu ϩ PD98059 (50 M) for 30 or 60 min under serum-free conditions. This experiment was performed in duplicate. Data were analyzed and graphed as means Ϯ SEM.
Collection of BEND Cell Lysates for Western Blot Analysis
Experiments were immediately stopped at specified times by rinsing cells twice with cold PBS. Cells were lysed with cold nondenaturing lysis buffer (10 mM Tris pH 7.5, 1 mM EDTA, 1 mM EGTA, 100 mM NaCL, 1% Triton X-100, 0.5% Nonidet P-40, 50 mM NaF, 1 mM Na 3 VO 4 , 1 mM phenylmethylsulfonyl fluoride, 10 g/ml leupeptin, 10 g/ml aprotinin, and 10 g/ml pepstatin A) on ice for 10 min. Adherent cells were scraped from culture dishes and further lysed by passage through a 22-gauge needle. Cellular debris was cleared via centrifugation (12 000 rpm, 4ЊC, 15 min). Aliquots (25 l) were lyophylized and reconstituted in 15 l of 1ϫ Laemmli buffer and frozen at Ϫ80ЊC until SDS-PAGE and Western blotting.
Proteins obtained from BEND cell lysates were separated via SDS-PAGE and electroblotted onto nitrocellulose (0.2 m) membranes. Nonspecific antibody interactions were blocked by incubating membranes (2 h, 22ЊC) in Trisbuffered saline (TBS; 20 mM Tris pH 7.5, 150 mM NaCl) and 5% nonfat milk. Membranes were incubated at room temperature for 2 h with primary antibody (Raf-1, 1:500; IB␣, 1:500; phosphoMAPK, 1:20 000; or COX-2, 1:500) and washed four times for 10 min each with TBS. Membranes were incubated (1 h, 22ЊC) in secondary antibody (1:5000) conjugated to horseradish peroxidase and washed with TBS as before. Blots were incubated in Enhance chemiluminescent substrate (NEN Life Sciences, Boston, MA) for 1 min and exposed to x-ray film for 5-60 sec depending on the abundance of protein. The intensity of protein signals was determined using UnScan-It Automated Digitizing System, Version 5.1 (Silk Scientific Corp., Orem, UT). Raf-1 protein migrated through the gels at different rates according to treatment and time. The difference in migration was considered to be due to phosphorylation that accompanies activation and subsequent negative feedback in the Raf-1/MEK-1/ERK-1/2 pathway [35] . For this reason, Raf-1 blots were scanned for phosphorylated protein.
The 5-min control was used as a baseline. Any shift in size above the baseline was scanned, analyzed, and interpreted to represent phosphorylated Raf-1. The 42-and 44-kDa isoforms of ERK were scanned together for analysis. BEND cell lysates were normalized on the basis of equal protein or equal volume. Consistent results were obtained using either PAGE loading method.
Isolation of Total Cellular RNA and Northern Blot Analysis BEND cells were collected by scraping and centrifugation (1200 rpm, 4ЊC, 10 min). Supernatant was removed from the cells, and total cellular RNA was isolated according to the manufacturer's specifications (TriReagent, Sigma). Ten micrograms of total cellular RNA was denatured (5 min, 70ЊC), electrophoresed in a 1.5% agarose:formaldehyde gel, and passively transferred to nylon membranes (0.2 m) by capillary blotting. Membranes were baked (2 h, 80ЊC) and prehybridized as described elsewhere [36] . Blots were hybridized (15 h, 42ЊC) with the appropriate cDNA probes (COX-2, c-jun, or c-fos), which were randomly primed with 50 Ci ␣-32 P-dCTP. Blots were washed as described previously [36] and exposed to x-ray film for 36 h. Blots were reprobed with radiolabeled murine 18S rRNA (Ambion, Austin, TX) to ensure equal loading. Autoradiographic signals were scanned and quantitated similarly to the method described for Western blotting. Because 18S rRNA did not differ across treatments, there was no need to normalize COX-2, c-jun, and c-fos mRNA data.
Reverse Transcription-Polymerase Chain Reaction and Subcloning of Bovine COX-2 Total cellular RNA was isolated from BEND cells treated for 60 min with PDBu (100 ng/ml). The RNA (1 g) was reverse transcribed and amplified using the Perkin-Elmer RNA GeneAmp Kit. COX-2 cDNA (1493 base pairs) was amplified using bovine COX-2 primers (5Ј-ATGCTCGCCCG GGCCCTGCTGCTCTGC, 5Ј-GGG-CTTCTCTACCAG AAGGGCGGG). Primers corresponded to positions ϩ110-136 and 1580-1603 of the bovine COX-2 mRNA (EMBL/GenBank accession number AF031698). The cDNA was subcloned into pBluescript (Stratagene, La Jolla, CA) and amplified in NM522 E. coli. The clone was linearized separately at the 5Ј and 3Ј ends and sequenced to confirm identity. The COX-2 cDNA insert was removed (EcoRI/XhoI) from pBluescript and random primed for Northern blotting using 50 Ci ␣-32 PdCTP. Efficiency of radionucleotide incorporation was 72% (specific activity ϭ 4.6 ϫ 10 6 cpm/ng).
RIA for PGF
The secretion of PGF into HAMS/MEM culture medium was measured by a direct RIA developed by Knickerbocker et al. [37] . The antibody used was characterized by Dubois and Bazer [38] and validated by Danet-Desnoyers et al. [39] . Cell culture supernatant was diluted 1:4 in Tris buffer (50 mM Tris-HCl, pH 7.5) to a final assay volume of 100 l. The assay was validated for serum-free medium by adding 25 pg PGF/100 l. The average recovery of PGF was 25.1 Ϯ 1.42 pg/100 l. A standard curve ranging from 1.25 to 1000 pg/tube was used for determining PGF in cell culture supernatants. Inter-and intraassay coefficients of variation were 14% and 13%, respectively, and the minimal detectable concentration was 3.32 pg/tube.
Statistics
Assignment to treatments was made at random. Data were subjected to least squares analysis of variance using general linear models procedures of the Statistical Analyses System [40] followed by t-tests for paired comparisons. The results are expressed as the mean Ϯ SEM. Figure 1 shows the secretion of PGF from BEND cells in response to treatment (time ϫ treatment interaction, P Ͻ 0.0001). Although the basal secretion of PGF by untreated BEND cells did not change with time, treatment with PDBu induced secretion (P Ͻ 0.0001) of PGF starting at 180 min and continuing (P Ͻ 0.0001) through 300 min. INF-attenuated PDBu-induced secretion of PGF by 74% (P Ͻ 0.0001) at 180 min and by 58% (P Ͻ 0.0001) at 300 min. The PDBu-induced secretion of PGF was completely abolished by the MEK-1 inhibitor PD98059 at all times.
RESULTS
Secretion of PGF from BEND Cells
Recombinant bIFN-Suppresses COX-2 mRNA and Protein Expression
A representative Northern blot is shown in Figure 2A and demonstrates that COX-2 mRNA migrated as a single ϳ4.2-kilobase transcript. Quantitation revealed that COX-2 gene expression is induced in BEND cells (time ϫ treatment interaction, P Ͻ 0.0001). PDBu induced COX-2 mRNA by 30 min, and this induction was inhibited (P Ͻ 0.0001) by coculture with rbIFN-or PD98059 (Fig. 2B) . Expression of COX-2 mRNA increased eightfold (P Ͻ 0.0001) by 60 min following treatment with PDBu. At 60 min, rbIFN-suppressed PDBu-induced COX-2 expression by 81%, but COX-2 mRNA was still more abundant in treated than in untreated cells (P Ͻ 0.0001). The inhibitor PD98059 completely blocked the induction of COX-2 by PDBu at 60 min. Recombinant bIFN-alone had no effect on COX-2 gene expression. Expression of COX-2 protein closely paralleled the secretion of PGF (time ϫ treatment interaction, P Ͻ 0.0001). Figure 3A shows a representative Western blot of COX-2 protein in BEND cells. COX-2 was induced (P Ͻ 0.0001) at 180 and 300 min by treatment with PDBu (Fig. 3B) . Recombinant bIFN-suppressed PDBu-induced COX-2 (P Ͻ 0.0001) at 180 and 300 min but did not completely block COX-2 (PDBu ϩ rbIFN-Ͼ control, P Ͻ 0.0001). In contrast, PD98059 completely blocked COX-2. INF-alone had no effect on expression of COX-2 protein (not shown).
Raf-1 Phosphorylation
Western blot analysis (Fig. 4A ) revealed no change in total Raf-1 protein content in BEND cells for any time or treatment. However, a shift in the electrophoretic pattern of Raf-1 to a higher molecular weight was observed starting at 10 min in BEND cells treated with PDBu alone or in combination with rbIFN-. Based on previous reports, the increase in molecular weight of Raf-1 resulted from multiple phosphorylation events, which presumably activates Raf-1. Raf-1 becomes increasingly phosphorylated (time ϫ treatment interaction, P Ͻ 0.0001; larger arrow in Fig. 4A ) in BEND cells treated with PDBu or PDBu ϩ rbIFN- (Fig.  4B) . These results indicate that rbIFN-does not alter the PDBu-induced phosphorylation of Raf-1. Treatment with PD98059 blocked phosphorylation of Raf-1 induced by PDBu possibly by disrupting hyperphosphorylation of Raf-1 by the ERKs [35] . Figure 5A illustrates detection of phosphorylated ERK phosphoprotein (pp) 42 mapk and pp44 mapk isoforms using an anti-phosphotyrosine antibody. The antibody detected only the active phosphorylated protein. Both ERK isoforms were combined and analyzed. PDBu increased (P Ͻ 0.0001) phosphorylation of ERK isoforms in BEND cells (Fig. 5B) . Cotreatment with rbIFN-had no effect on phosphorylation of the ERKs in response to PDBu. However, as expected, pretreatment with the MEK-1 inhibitor PD98059 blocked (P Ͻ 0.0001) phosphorylation of the ERKs in response to PDBu. Culture with rbIFN-alone had no effect on phosphorylation of the ERKs (not shown). Thus, rbIFN-does not block the Raf-1/MEK-1/ERK-1/2 pathway or other effectors upstream from ERK (e.g., PLC and PKC).
Phosphorylation of ERK Isoforms
c-fos and c-jun mRNA Expression
Northern blot analysis was used to examine mRNA expression of the early response genes c-fos and c-jun in BEND cells in response to treatments (Fig. 6A) . Within each time, c-fos gene expression was induced (P Ͻ 0.0001) in BEND cells by PDBu when compared to the controls (Fig. 6B) . The PDBu-induced expression of c-fos was unaffected by the addition of rbIFN-. Recombinant bIFN--induced expression of c-fos at 30 and 60 min (P Ͻ 0.05). Treatment with PD98059 suppressed the PDBu-induced expression of c-fos by 59% and 44% at 30 and 60 min, respectively. Expression of the c-jun gene also was assessed by Northern blot analysis (Fig. 6C) . In untreated BEND cells, mRNA expression of c-jun occurred at low levels. Treatment with PDBu upregulated (P Ͻ 0.05) c-jun mRNA at 30 and 60 min relative to controls (Fig. 6D) . Treatment with rbIFN-alone or PDBu ϩ PD98059 for 30 min did not alter c-jun mRNA levels as compared with the controls. However, at 60 min these treatments caused an upregulation (P Ͻ 0.05) in the expression of c-jun mRNA.
IB␣ Degradation
Western blot analysis was used to measure the decline in IB␣ in BEND cells as an indirect assay for NFB activation [41] . The IB␣ protein migrated at approximately 36 kDa (Fig. 7A) , showed no change in controls, but decreased over time regardless of treatment ( Fig. 7B ; time ϫ treatment interaction, P Ͻ 0.05). PDBu significantly reduced IB␣ protein content in BEND cells treated for 30, 60, 180, and 300 min. Addition of rbIFN-to the PDBu treatment appeared to hasten (P Ͻ 0.05) IB␣ degradation (i.e., 10 min) when compared with treatment with PDBu alone (i.e., 30 min). PD98059 enhanced the PDBu-induced degradation (P Ͻ 0.05) of IB␣ at 10, 30, and 60 min when compared with PDBu treatment alone. IB␣ degradation was highest in BEND cells treated with PDBu, PDBu ϩ rbIFN-, and PDBu ϩ PD98059 at 30 min. rbIFN-alone caused an increase in the degradation of IB␣ through 1 h (not shown).
DISCUSSION
Oxytocin increases the expression of mRNA and protein for COX-2 and mRNA for prostaglandin F synthase, which leads to increased pulsatile release of PGF because these enzymes are rate limiting in the PGF synthetic pathway [22] . However, the exact pathway by which oxytocin mediates PGF secretion is not completely understood, and the mechanism through which rbIFN-inhibits release of PGF has not been completely delineated. BEND cells are of epithelial origin [42] and were generated from bovine endo- [42, 50] . Thus, we hypothesized that IFNinhibits the COX-2 gene directly via the STATs within minutes. If one examines the bovine COX-2 gene promoter carefully, an ISRE and potentially an IRFE exist just upstream of the TATA box. Also, several AP-1 and NFB sites exist that are upstream of the IFN response elements. The hypothesis that STATs inhibit this gene regardless of binding of c-jun, c-fos, and NFB will be tested in future experiments. metrium collected on Day 14 of the estrous cycle [33] . This model differs from that used by Asselin [11] and Xiao [22] in that BEND cells were obtained from a progesteronedominated uterus rather than an estrogen-dominated uterus (i.e., Days 1-4). IFN-is antiluteolytic and as such is required during early pregnancy for sustained progesterone release from the corpus luteum. In some instances IFNand progesterone act together to coordinate gene expression [43] . The endometrium might respond differently to IFNduring proliferative and differentiated stages of the estrous cycle.
In the present experiments, BEND cells were stimulated with PDBu, a PKC agonist. Treatment with PDBu was critical for understanding the actions of IFN-downstream from the oxytocin receptor and PLC activity. PDBu caused an increase in PGF secretion by 3 h that continued to increase through 5 h. These results are in agreement with those of others, who have shown that PGF secretion can be stimulated by oxytocin [22, 29] or phorbol ester [14] , and demonstrate that PGF secretion from BEND cells requires activation of PKC. These results also extend and complement those reported by Binelli et al. [30] ; earlier times were considered in the present study.
The first objective was to determine the signaling pathway coordinating the synthesis of PGF. Expression of COX-2 and secretion of prostaglandins are regulated by the IB␣/ NFB pathway [44] . The bovine COX-2 promoter contains numerous putative NFB response elements (GenBank accession number AF031699). Western blotting revealed that IB␣ became degraded in BEND cells treated with PDBu. This finding provided a good model to study the actions of rbIFN-on the IB␣/NFB pathway. We initially hypothesized that rbIFN-would block the degradation of IB␣, thereby attenuating COX-2 gene expression. Treatment of BEND cells with rbIFN-(50 or 500 ng/ml) did not suppress the PDBu-mediated degradation of IB␣, so this hypothesis was rejected. rbIFN-alone caused degradation of IB␣ within 1 h but did not induce expression of COX-2 mRNA or protein. Degradation of IB␣ mediated by the IFN receptor is likely to involve activation of a cascade of enzymatic events, as has been shown for other receptors. Because rbIFN-did not inhibit IB␣ degradation, this probably is not a site of IFN-action in inhibiting the PGF biosynthetic pathway. The importance of IFN--mediated degradation of IB␣ remains to be determined and is the subject of current investigation in our laboratories.
Treatment of BEND cells with the MEK-1 inhibitor PD98059 completely abolished the PDBu-induced secretion of PGF at all time points, suggesting that MEK-1 is involved in the secretion of PGF. The Raf-1/MEK-1/ERK-1/2 pathway was activated in BEND cells in the present study through PKC-mediated phosphorylation of Raf-1 and subsequent activation of MEK-1 and ERK-1/2. This activation is consistent with PDBU activation of the MAPK pathway in other cell lines [45] . Here, we link the PKCRaf-1/MEK-1/ERK-1/2 pathway to COX-2 activation and PGF secretion in BEND cells and suggest that this pathway is obligatory.
The second objective was to determine how rapidly rbIFN-attenuated the PDBu-induced secretion of PGF. Using Northern blotting, it was determined that COX-2 gene expression was induced by PDBu in BEND cells within 30 min. Because PD98059 blocked COX-2 gene expression, it is likely that MEK-1 and its associated pathway coordinate PGF secretion at the level of COX-2 gene expression. Evidence has been provided here to suggest that rbIFN-acts within minutes to uncouple the PGF synthetic pathway in BEND cells. With some understanding of the signaling cascade controlling PGF secretion downstream from PKC, the third objective was to identify the site within the signaling cascade at which rbIFN-acted to attenuate PGF secretion and COX-2 expression. Because it is likely that PGF is secreted upon activation of the PKC-Raf-1/MEK-1/ERK-1/ 2 pathway, it was hypothesized that one site of IFN-action was cytoplasmic PLA 2 . PLA 2 is a rate-limiting enzyme in the prostaglandin synthetic pathway that liberates arachodonic acid from lipid pools found in plasma membranes [5] . This enzyme probably becomes activated by ERK-1/2 via phosphorylation of serine and threonine residues [46] . Protein expression of PLA 2 did not differ by treatment or time in BEND cells (data not shown). This finding is consistent with results reported by Binelli et al. [30] in that it took about 12 h of culture with rbIFN-to notice inhibitory effects on PLA 2 . In the present experiments, cultures were terminated within 5 h. Graf et al. [47] showed similar results for PLA 2 mRNA expression in the ewe upon treatment with oxytocin. We also investigated the phosphorylation of Raf-1 and ERK-1/2. Recombinant bIFN-did not perturb the phosphorylation of Raf-1 or phosphorylated ERK isoforms. Thus, the inhibitory actions of rbIFN-on the release of PGF and activation of COX-2 were determined to be downstream from Raf-1 and ERK-1/2 phosphorylation.
Using chemical inhibitors and dominant negative transfection approaches, several groups have demonstrated that c-jun and c-fos are required for the expression of COX-2 [48, 49] . The PKC-Raf-1/MEK-1/ERK-1/2 pathway is required for COX-2 gene expression and subsequent secretion of PGF in BEND cells. Gene expression of the AP-1 transcription factors c-jun and c-fos were examined using Northern blot analysis. Treatment of BEND cells with PDBu caused induction of both c-jun and c-fos mRNAs. Recombinant bIFN-failed to block the PDBu-induced transcription of c-jun and c-fos genes. This finding and the early (30 min) suppression of COX-2 gene expression suggest that the COX-2 promoter is directly suppressed in response to rbIFN-treatment. Because the bovine COX-2 promoter contains multiple putative IFN-stimulated response elements (ISREs), the signal transducers and activators of transcription (STATs) are logical candidates to consider for the regulation of the COX-2 gene expression. The STATs are phosphorylated and translocate to the nucleus within 30 min [42, 50] . Translocated STATs may bind the COX-2 promoter and inhibit gene expression of the COX-2 gene regardless of the presence of activators such as NFB or c-jun and c-fos.
In summary (Fig. 8) , PDBu was used in BEND cells to circumvent signaling events upstream from PKC, which included PLC, G-proteins, the oxytocin receptor, and the estrogen receptor. Treatment of BEND cells with phorbol ester resulted in phosphorylation of RAF-1, activation of MEK-1, phosphorylation of ERK-1/2, and transcription of c-jun and c-fos genes. Activation of this MAPK pathway led to induction of COX-2 gene transcription within 30 min, presumably through interaction of c-jun and c-fos with one or several putative AP-1 sites on the bovine COX-2 promoter. It was determined that rbIFN-had no direct inhibitory effect on components of the MAPK pathway described above. Rather, rbIFN-inhibited the PDBu-induced transcription of the COX-2 gene within 30 min. It is hypothesized that this rapid inhibition of the COX-2 gene by rbIFN-is through activation of the STATs and interaction with putative ISREs and potentially an interferon regulatory factor element in the bovine COX-2 promoter.
